HIV prevalence is still rapidly increasing among Chinese men who have sex with men (MSM). The Internet also makes it easier for MSM to have casual partners. This study aims to evaluate the trend of Internet-based sex-seeking behavior of MSM and its impact on HIV prevalence, the distribution of HIV subtype strains, and transmitted drug resistance rates. A serial cross-sectional study was conducted from 2009 to 2014. Of the 1,981 MSM, 50.5% (1,000/1,981) mainly sought homosexual partners through the Internet (Internet-based MSM, IBM). The proportion of IBM among total MSM subjects increased from 43.3% to 61.5% ( < 0.001). HIV prevalence of IBM increased from 5.7% to 20.7%, while that of non-Internet-based MSM (NIBM) increased from 7.0% to 14.7%. A relative higher proportion of NIBM were infected with HIV CRF01 AE subtype than IBM (79.5% versus 72.2%, = 0.52). Multivariable analysis found IBM had a significantly higher HIV prevalence than NIBM (13.2% versus 10.5%, aOR = 1.4, 95% CI [1.0-1.9]). Being a migrant non-Shenyang resident MSM (aOR = 1.9, 95% CI [1.3-2.9]) and occasionally/never using condoms with casual homosexual partners (aOR = 1.7, 95% CI [1.1-2.6]) were two distinct risk factors for HIV infection in IBM. More efforts should be targeted towards developing interventions aimed at IBM, particularly migrant MSM and who engage in UAI with casual homosexual partners.
Introduction
Globally, men who have sex with men (MSM) suffer disproportionately with HIV infection. The prevalence of HIV in China continues to increase, with rates in Chinese MSM increasing from 0.9% to 7.3% from 2003 to 2013 [1] . Out of the newly reported HIV/AIDS cases in China in 2015, 28.3% were from the MSM population [2] , while in 2011, MSM only accounted for 13.7% of newly reported cases [3] .
With the development of Internet and mobile technology, the ways of socializing and seeking homosexual partners have changed dramatically with MSM. More and more MSM use Internet-or mobile-based geosocial networking (GSN) applications to socialize and seek partners. The Internet makes it easier for MSM to seek casual homosexual partners. But Internet-based MSM [IBM] also have distinct characteristics which promotes their high-risk sexual behaviors [4] [5] [6] [7] . As a result, there are great concerns for the potential effect of Internet-based socializing on HIV infection and transmission [4, 6] .
The majority of published studies on IBM were completed via questionnaires done online or over the smart phone application [4] [5] [6] [7] . These studies examined HIV testing and sexual behaviors and mainly found that IBM are usually younger, have higher educational level, and are more likely to test for HIV compared with non-Internet-based MSM [NIBM] [6] [7] [8] [9] [10] [11] . A few studies compared the prevalence of HIV and sexually transmitted infections (STIs) between IBM and NIBM, but with inconclusive evidence on whether online partner-seeking increased the prevalence of HIV and or STIs [5, 9] . One meta-analysis showed that the pooled prevalence of both gonorrhea and chlamydia was significantly higher among IBM than NIBM [6] , but the prevalence of HIV was not found significantly different between above two groups by recent surveys [8, 10, 12, 13] . Hence, there is an urgent need for longitudinal studies on biological measures of HIV and other STDs between IBM and NIBM, to confirm the real impact of Internet socializing of MSM on their HIV infection risk [4] [5] [6] .
The subtypes of HIV are quite diverse in the MSM population, with the subtypes correlating with geographic location, transmission routes, and even sexual characteristics [14] [15] [16] . HIV bioinformatics analysis has been used to elucidate the transmission origin, transmission routes, and evolutionary dynamics of HIV in MSM and other populations [17] . However, scarce information is available about the molecular characteristics of HIV in IBM.
The main objectives of this study are to investigate the dynamics of MSM seeking homosexual partners through the Internet, the prevalence of HIV and its trends over time among IBM and NIBM, factors correlating with HIV infection among IBM and NIBM, and the difference in HIV subtypes and HIV transmitted drug resistance (TDR) rates between IBM and NIBM in Shenyang, China.
Materials and Methods

Study Design.
This study was conducted in the city of Shenyang in China. Shenyang is the provincial capital of Liaoning Province and one of the largest cities in China, with a population of approximately 8.1 million. Shenyang serves as the commercial and transportation hub of China's northeast region, with frequent trade between Russia, Japan, and Korea.
A six-year serial cross-sectional study was conducted in Shenyang, China, from February 2009 to December 2014. The Institutional Review Boards of the First Affiliated Hospital of CMU approved the study protocol and informed consent forms.
Study Participant Enrollment.
The Voluntary Counseling and Testing (VCT) clinic of the First Affiliated Hospital of China Medical University (CMU) in Shenyang was chosen as the study site. The VCT clinic provides the largest free HIV testing and counseling service in Shenyang. Demographics, types, and numbers of sexual partners and high-risk HIV behaviors were collected from MSM who came to the VCT clinic for the first time. Fingerprinting was used as identification for participants. Eligible entry criteria were (1) being biologically male, (2) at least 18 years old, (3) self-reported as having anal or oral sex with another male in the past 12 months, (4) self-reported as never testing positive for HIV, and (5) being able to provide written informed consent. The exclusion criteria of this study were (1) not meeting one of five entry criteria or (2) MSM who already tested positive for HIV at VCT.
Interview Process.
Participants were interviewed by using a face-to-face, structured questionnaire. The following data was collected: marriage status, occupation, monthly salary, age of male sexual behavior debut, number of male sexual partners, condom use with male sexual partners, preferred sexual roles, sexual orientation, and STI symptoms in the past 12 months (pain during urination, sensation of burning in the genitals, or abnormal urethral discharge) [18] . Ways of seeking homosexual partners were collected from each subject individually; those subjects who self-reported mainly sought male sexual partners through Internet or GSN applications in past 12 months were defined as IBM, otherwise were defined as NIBM. Syphilis was tested by rapid plasma regain (RPR) (Diagnosis; Shanghai, Kehua, China), and any RPR positive samples were then tested by treponema pallidum particle assay (TPPA) (Serodia, Japan). Samples that tested positive for both RPR and TPPA were determined to be currently infected with syphilis.
Laboratory
HIV Molecular Analysis.
Ribonucleic acid (RNA) was extracted to synthesize cDNA from plasma. Individual genome amplification and sequencing amplified the 3 or 5 halves of viral cDNA. Single sequence fragments of each amplification was combined and edited by the sequencher program (version 4.9). We used Bioedit Software Alignment followed by the Los Alamos HIV Sequence Database. Subtyping analysis was performed by the neighbor-joining method in MEGA version 4.0. The Stanford HIV Drug Resistance Database (https://hivdb.stanford.edu/) was used to analyze mutation profiles and predict genotypic resistance.
All the above laboratory tests were conducted at the Key Laboratory of AIDS and Immunology of National Health and Family Planning Commission at CMU.
Data Analysis.
Questionnaires were entered using EpiData 3.1 software. Data were analyzed using SPSS (SPSS version 20.0, IL, USA). Chi-square test was used to compare differences in categorical variables. Multivariable logistic regression analysis was used to determine independent factors correlated with HIV infection. Potential confounding factors, including age, monthly income, and education level, were all adjusted in the multivariable logistic models. Trend analysis of IBM and HIV prevalence over time was performed by chi-square trend test (linear-by-linear association). value < 0.05 was considered statistically significant in the analysis.
Ethical Issues.
A six-digit number was used to identify the participant and to link the questionnaire and laboratory test results with the participant. Written informed consent was obtained from each participant. The participants could refuse to answer any of the questions. Those who tested positive for HIV or syphilis received an immediate referral to professional HIV clinics and STI clinics. All documents with identifying information were placed in a locked file cabinet, which cannot be accessed by anyone else except for the principal investigator and study staff.
Results
Characteristics of IBM Participants.
Among 1998 MSM who were approached to take part in the study, 10 refused to attend the study and 7 were excluded for had been tested HIV positive before attending the study. Among 1,981 eligible MSM, 50.5% (1000/1981) reported using the Internet as their main method for seeking homosexual partners. Compared with NIBM subjects, IBM subjects were younger, had more proportion of local residents, had a high school level education or above, and earned a higher income (each < 0.05). IBM participants had more proportion of homosexual orientation, earlier age of male sexual behavior debut, used condoms more frequently, and more preferred receptive anal sexual roles (each < 0.05). But the ethnicity and the number of homosexual partners in the past year had no statistical difference between IBM and NIBM populations (Table 1) . Table 1) .
Factors Correlated with Internet-Based
HIV/Syphilis Prevalence and Molecular Characteristics.
Between 2009 and 2014, the proportion of IBM among total recruited MSM showed a rapid increased trend (from 43.3% to 61.5%, trend < 0.001). Between 2009 and 2010, the increment of HIV prevalence among IBM (from 5.7% to 12.5%) and NIBM (from 7% to 13.5%) was similar. While, from 2010 to 2014, the increment of HIV prevalence among IBM was more rapid among IBM (from 12.5% to 20.7%, trend < 0.001) than NIBM (from 13.5% to 14.7%, trend = 0.014) (Figure 1 ).
HIV-1 nucleotide sequences were amplified and sequenced from drawn HIV positive specimens during 2012 to 2014, in which 93.9% (123/131) were successfully amplified. The proportion of HIV subtypes had no statistical difference between the IBM group and the NIBM group, although the former had slightly lower proportion of CRF01 AE (72.2% versus 79.5%, = 0.520). The total proportion of TDR (5.1% versus 6.8%, = 0.487), protease inhibitors (PIs) resistance rate (3.8% versus 2.3%, = 0.549) and nonnucleoside reverse-transcriptase inhibitors (NNRTIs) resistance rate (1.3% versus 4.5%, = 0.291) also had no statistical difference between the two groups (Tables 2 and  3) .
Associated Factors between HIV Infection and Internet
Use to Seek Partners. Multivariable logistic analysis showed that, after adjusting for age, monthly income, and education level, MSM who sought partners through the Internet had significantly higher odds of HIV infection compared to MSM who did not use the Internet to seek partners (aOR = 1.4, 95% CI [1.0-1.9], = 0.032) ( Table 4) .
Among the IBM population, the independent and statistically significant ( < 0.05) risk factors correlated with HIV infection included not being a resident of Shenyang (aOR,1.9), occasionally or never using condoms with steady male partners and casual male partners (aOR,1.9 and aOR,1.7, resp.), preferring both insertive and receptive anal sexual roles (aOR,2.0), preferring only receptive anal sexual role (aOR,2.5), and testing positive for syphilis (aOR,4.3) ( Table 4 ). Among the NIBM population, the independent and statistically significant ( < 0.05) risk factors correlated with HIV infection included being nonsingle (aOR,1.7), occasionally and never using condoms with steady male partners (aOR,3.0), preferring both insertive and receptive anal sexual role (aOR,2.3), and testing positive for syphilis (aOR,4.7) ( Table 4 ).
Discussion
To our knowledge, this is the first longitudinal study examining the relationship between Internet-based partner-seeking behavior and HIV infection risk. Our study expanded on the recently published literature on Internet-based partnerseeking behavior of MSM and confirmed that the IBM population had higher HIV prevalence than the NIBM population. Furthermore, the HIV prevalence in the IBM population increased more rapidly than NIBM over a 5-year time period. Our findings indicate that using the Internet to seek partners and sex is associated with an increased HIV infection and transmission risk and is correlated with distinct virtual sexual network and HIV strains.
Previous studies have failed to find a difference in age, education, and income between IBM and NIBM populations [5] . However, four peer surveys have found that, compared to NIBM, IBM population was younger, received a higher level of education, and had higher income [4, 9-11]. Our study results confirmed the findings from the four peer surveys. Furthermore, our results show that IBM tend to be single and local residents, in study site (Shenyang city).
There was also a lack of consensus in the literature about whether the Internet can increase the number of homosexual partners and the rate of unprotected anal intercourse (UAI). Grosskopf et al. found no difference in the rate of UAI and the number of homosexual partners between IBM and NIBM [7, 10, 11] . Andovitz's survey reported that the rate of UAI was significantly lower in IBM than in NIBM [8] . However, Tang's survey showed that IBM engaged in more UAI, in addition to group sex and commercial sex. Our study found that IBM had less UAI with both steady male partners and casual male partners. In regard to number of homosexual partners, Phillips [13] , Lehmiller [5] , and Tang [4] 's surveys indicated that IBM subpopulation had a greater number of homosexual partners. Our findings showed that the number of homosexual partners did not differ between IBM and NIBM. One possible explanation over our findings' discrepancies with previous studies' findings is that this study used venue-based recruitment method, while most of the above surveys used Internet or mobile application-based methods.
It is worth mentioning that this serial cross-sectional survey found that IBM had a statistically significant higher HIV prevalence than NIBM after adjusting for potential study confounders. We found IBM preferred receptive anal sexual roles and that more STD symptoms occurred in IBM. Both of these factors can significantly increase IBM's risk for acquiring HIV [19] [20] [21] [22] . This study also was the first to show that there was a great increase in the Internet seeking behavior in Shenyang during the six-year survey, in which the proportion of IBM increased from 43.3% to 61.5%. Moreover, our study also found a changing trend in the prevalence of HIV in IBM compared to NIBM. The year of 2010 was a boundary time point. Before 2010, the prevalence of HIV among IBM was slightly lower than NIBM. But from 2010 to 2014, the HIV prevalence rate in IBM increased from 12.5% to 20.7%, while the HIV prevalence in NIBM did not have a significant change (from 13.5% to 14.7%). Compared to previous studies on the relationship of Internet-based partner-seeking behavior and HIV infection risk in MSM, this study was able provide laboratory testing results as well. However, this study was conducted in MSM who sought HIV counseling and testing in one big health center of Shenyang city. More longitudinal studies are needed to further examine the relationship of Internet-based partner-seeking behavior of MSM and HIV infection risk.
In the setting of continuous implementation of large scale of free antiviral therapy, the HIV TDR rate of MSM increased from 3.8% in 2004 to 4.7% in 2014 [23, 24] . This study revealed that the HIV TDR rate of Shenyang MSM is all higher than the national rate of MSM (total TDR rate, 5.7% versus 3.6%; PIs resistance rat, 3.3% versus 1.7% NNRTIs resistance rat, 2.4% versus 0.5%) [25] . The majority of HIV TDR and subtypes are CRF01 AE and PIs in Shenyang MSM, which was similar to previous study results in the same city [26] . Our study failed to found statistical differences between IBM and NIBM subpopulations in HIV TDR rates and HIV subtypes, although slightly fewer HIV CRF01 AE subtypes existed in IBM in contrast with NIBM (72.2% versus 79.5%). It showed that currently the Internet-based partner-seeking behavior have not substantial impact for their distribution of HIV subtypes and TDR. And the statistical power to determine a difference in HIV TDR and subtypes may be relatively lower due to the relatively small sample size of HIV positive subjects. Hence, HIV TDR and subtypes of IBM and NIBM should be continually monitored to provide molecular biomarker proof about transmission routes and clustering characteristics of IBM subpopulation.
We found similar independent risk factors for HIV infection in both IBM and NIBM populations, which were syphilis infection, preferring both receptive and insertive anal intercourse with steady male partners, and occasionally or never using condoms with steady sexual partners. These HIV infection risk factors were also reported by previous studies in MSM [17, 20, 27, 28] . Our findings indicate that public health officials should pay attention to relevant contextual factors that may promote HIV infection, including UAI with homosexual partners and concurrent STD infection. In addition, HIV/AIDS health education and condoms should be provided to MSM groups who prefer receptive anal role in order to raise their condom use and negotiation skills with their homosexual partners [29, 30] .
We also found some distinct independent HIV infection risk factors in IBM. Among the IBM population, migrant MSM had a higher HIV prevalence than local MSM. Migrant MSM are more likely to engage in higher risk sexual risk behaviors and had lower level of HIV/AIDS knowledge [31] . They are also more likely to be the victims of sexual violence [32] . Moreover, they might lack knowledge about the availability of free HIV testing sites [31, 33] . As a result, HIV/AIDS intervention programs should be targeted towards migrant MSM, in particular those who seek partners through the Internet.
Our findings also show that IBM who occasionally or never use condoms with casual male sexual partners had significantly higher HIV prevalence. Many of these IBM will use Internet applications designed to help MSM to find casual sexual partners [5] . Thus, the combination of UAI with casual sexual partners has a great impact on HIV infection risk for IBM. To increase IBM's condom use with casual partners, more HIV/AIDS knowledge should be provided, particularly about the long asymptomatic period of HIV infection and the fact that HIV positive individuals can appear healthy.
Several strengths exist in this study. First, it is one of the few venue-based surveys about the relationship between Internet-based partner-seeking behavior of MSM and HIV infection. Thus, the HIV prevalence data was more reliable and accurate than self-reported HIV/STI testing results [5, 8, 10, 13, 34] . Previously only one study reported lab-confirmed HIV/STD infections [9] . Second, this is the first serial crosssectional study, which can provide stronger evidence about trends of MSM seeking homosexual partners through the Internet. Third, this study also revealed differences in HIV subtype distribution and TDR rate between IBM and NIBM, which can help public health policy makers to understand the HIV transmission routes of Chinese IBM and provide effective and comprehensive interventions.
Some limitations to this study exist. This study used convenience sampling to recruit MSM subjects, so it cannot fully represent all of the characteristics of MSM in Shenyang. We used an interview questionnaire to collect information on some sexual behaviors, including the number of sexual partners and whether they engaged in UAI, so recall bias and social desirability bias may exist. In this survey, we did not collect the detailed frequency of using the Internet to seek sexual partners among studied subjects, and there may be some connection between the frequency and HIV infection; further studies should be conducted for future researches. We only tested for syphilis, and other STDs were not tested; more kinds of STDs should be tested to be explored in the future research to well understand the relationship between STDs and HIV infection of MSM subjects. Blood samples were not available to conduct HIV molecular testing from 2009 to 2011, so HIV subtypes and drug resistance rates derived from this study may have been different with MSM participants during that time. Despite the limitations, this study identifies the trends of Chinese MSM seeking sexual partners through the Internet and reports that Internet partner-seeking behavior is associated with significantly increased HIV prevalence. Our results have implications for behavioral interventions targeted at IBM.
Internet has become an increasingly popular means for Chinese MSM to socialize and seek partners. Our study showed that the IBM subpopulation had quite different demographics compared with NIBM subpopulation. The former is younger and single, with a higher educational level and a higher income. A greater proportion of IBM preferred receptive anal sexual role and STD symptoms than NIBM, which may increase their HIV infection risk. Prevalence of HIV increased more rapidly in IBM than NIBM over the course of the study. IBM also had a different distribution of HIV subtypes and TDR. More longitudinal surveys, in particular prospective cohort surveys, are needed to further examine the relationship between Internet partner-seeking behavior, sexual behaviors, and HIV infection in MSM. Gay application developers should try to integrate HIV/AIDS messaging into their platforms to promote HIV/STIs testing, condom usage, risk behavior reduction counseling, and other necessary services for the MSM community.
